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Ahvract-UCu Al erstallizes in an ordered variant of the
hevagonal CaCug siructure, By neutron powder-diffraction, the
U ntomy were [ound to occupy the In sites, while the 2c siles are
orcupird by Cu atoms only und & random oceupation of the 3g
sites hy the remaining Cu and Al iy found. The magnetic
susceplibility, mensured on a single crysial grown hy the
U zochraiski tri-ure technique, is found to be maxhinal within the
hexagonal basal plane with a maximum at about 10 K, For flelds
applied within the hasal plane, th: magnetization at 4.2 K
exhibits a slight S-shape starting slightly below 1S T. No such
snomalies sre found for fiekds applied nlong the c-axis where the
magnetic rexponse ls found (0 be much lower, No additionsl
magnellc peaks, which could bhe related with long-range
untiferromagnetic ordering, were detected in the neulron
powder-paiterns al iow temperatures,

. INTRODUCTION

I'he hroud vaniety of ditierent phenomena found in temary
U"TX compiunds (T = transition metal, X = element from
the p-blocks of the penodie table; have stumulated extensive
mvestigations, mainly on compounds crystalhiang in the
stowclnomety 1310 (1] The recent discovery of the heavy
fermion superconductors UN Al {2] and UPL AL [ 3], botn
cevstalhizing in a crysal structure related to the hexagoral
CaCuy structine, has lovused the attention to compouuls
formung i s structure or relmed ones. Ax to camponnds
with Cu and Al only the compound UCu, (Al} ¢ was reported
up to now o crystalhze i the CaCuy stiucture [4]. Recently,
VeCu Al componnds in g composition range 2.9 -0 v e VY
were fornd 1o synthesize sn struciures related o the uCug
sinctiee [5]. Possable heavy lermon bebaviour ain these
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compounds 1s indicated by the high C'T-values, which exceed
300 m/molK? at tow temperatures [S].[6]. In this paper, we
report on the crystal structure and the magnetic properties of
single-crystalline UCu,Al,.

[I. SAMPLE PREPARATION AND CHARACTERISATION

Polycrystalline UCuyAls was  prepared by arc-melung
appropriate amounts ol the elements with a punity of at least
4N. This ingot was used to prepare a single crystal hy nmeans
of the Czochralski tni-arce technigue. We obtamed a bulk rxl
ol approvumutely 9 g containing single -crystalline parts and
purts. n which some twinning within the hexagonal basal
plane was tound. The single-crystalline parts were extracted
from the rod and the quality was checked by X-ray Laue-
diffraction. The maximum mass of these crystals was 50 ing.
"art of the rod was inspecied by nucroprobe analysis tor the
composition and possible impurities. An average composition
of 16.0%, 51.2% and 12.8% for uranmum, copper and
alumimium, respectively, was found, which s close to the
exact 12V composiion, Furthermore, w anall amount (lews
than 2'%) of pure urmiminm was detected.

In order to gjesolve the crysal structmie, the remamng
preces from the tad were ground and enclosed i w ealed
vanadim an umler He atmosphere. Flus can was mounted
n the High Intensity Powder Diftractometer (1HPD) at the
Manuel LaujanJr. Neutton Scattening Center (LANSCT) o
Lox Alamos. Data were collected st room temperatine i sy
detes tor banks ¢ ¢ 1517, § 9O and O™

In Fig. ), the data set of the « 153V detector bank 1
shown, fhetveld relinenient of the data of all six detector
banks wis perfornwd using the Genernlized crvstal Sto ture
Analv s Svstem (GSAS) progiam [ 7] 10 wae possable 10
et the aata by the UaCug stoinline  (space group-
Poromm) ssath random oc cupation of the 2eoand Vg ate by

Cuand AL atoms (B, L) Hoswever, the imtensities of the



peaks indicated by arrows in Fig. | are not fit very well in
this structurs. The data were tound to be represented much
better axsuming an almost tull occupation of the 2c wtes by
Cu atoms {see table 1), whereas the g siles are occupied
randomly by the remaining Cu and Al atoms (Fig. 1b), Thus,
1'CuyAl; has a layered structure of UCu- luyers separated by
CuAl, layers, a structure also reported for several compounds
containing rure carths [8]. The refined structure parameters
tor the ‘ordered” structure at 300 K are listed in table 1. In
this structure the reduced 2 amounts to 4.7, which 18
considerably smuller than @ value ot 14.9 ohlained for the
disordered structure. At 100 K, the lattice paramelers are
S14.020(7) and 414.720(6) pm or u and ¢, respectively.

. EXPERIMENTAL RESULTS AND DISCUSSION

The magnetization was measured on a single crystal of
approximately 40 ing by means ot @ pendulum magnetometer
in fields up to 1.3 T. The magnetic susceptibility s
determuned as an average of the M/B-values in eight different
ficlds. The temperature dependence of the nagnetce
susceptibility in the temperature mnge from 1.8 to 300 K s
shown in Fig. 2. A broad maximum at ahout 10 K 15 visible
tor lields applied along the a and b axis (in orthorhombic
notation). This masimum 18 ahsent for fields spplied along
the ¢ uaw, for which, st higher temperatures, the response 18
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found 10 be roughly half of that in basal plane. Above 50 K,
all three axes exhibit Cune-Weiss behaviour, which s
demonstrated in the Uy va T tinset in Fig. 2). For the « and
b awis, similar values for the paramagnetic Curie-tempenature
A, of about -10] K and the effecive moment p g ot dhout
3.15 ug are obuned, whereas those quantities are -114 K
and V.55 uyq, respectively, for the ¢ axis. The ongin of the
deviation in the 1/x va T curve tor the ¢ axiv 13 not yet clear,

On the same crysial. magnetization measurements were
performed at 4.2 K in magnetic Belds up to 38 T in the
Amsterdam High Fueld Installation. Two kinds of mugnene-
field pulses were used: firsily, step-wise pulses 'ndicated by
symbols in Fig. 3, 1n which the magnetic ftield 15 kept
constant for B0 ma, and secondly, pulses in which the ficld
variea continuously, indicated by the sohid hine in Fig. V.
Sinwe the data oblained in continuous pulses may contain
eddy-current effecta. they hisve heen adjusted 1o the values of
the step-wise pulies. The magnetic response of the crystal
mieasured was extremely sinall, at the bordor of the sensitiv ity
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ol the magnetometer  Therefore, the magnetzaunn values
obtuned 1n this way were checked in magnelic tields up to §
T using a SQUID magnetometer. Nevertheless, the ubsolute
values ut the maynetization i higher ticlds may be wiong by
about 10%, The overall shape 15 correct.

I'he magaetzaton at 4.2 K, shown n Fig.3, =xhibits a
slight S-shupe surting n tields shghtly below 1> T tor the
and b axes vielding values shighuy below 1.0 ug in 35 T. The
continuous pulse reveals a shght tendency toward saturation
in the highest helds applied.  Although there 15 some
ditterence i the magnetizauon values for the w and b axes,
the present  data  have nsufficient  precision  for 8
determunation of the -plane amsotropy in UCuyAly. The
hard axis in this compound 15 undoubtedly the ¢ axis with un
extemely large anisotiopy, which 1s reflected in the much
weaker response of about 0.V ug in 35 I, Furthermore, no
s ot a S-shape w found for this axis,

In onder to determne, whether the maximum in the y vs
I cune v connected with long-range nugnetic order, we
pertoruwd neutron powder-diffraction at 20 K and 4.2 K,
which v well above and below the temperature, where the
muximum oceurs. Therelore, the powder sample, which was
used tor the crystal- structure determunation, was mounted vn
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the BT-4 powder diffractometer ut the NIST Research
Reuctor A wavelength of 2.35 A was used and the intensities
fur scatiening ungles between 5° and 65° (steps of 0.1") were
detected. Euch pont was counted tor one minute.

No additional peaks, which could be connected with long-
runge magnetie order, could be resolved in the ilference
spectrum. Our data indicate that any ordered moment must be
less than 0.4 up.

IV. CUNCLUSILNS

We have reported on a2 new uranium intermetallic
compound UCujAls, which crysiallizea in an ordered vanant
ol the CaCugq structure. Magnetic measurements res eal strong
magretocrystalline amisotropy with the ¢ axis us the hard axis,
The response in the hassl plane shows unomalies in the field
and temperature dependence ot the magnetic suscepubuaty,
Although the present neutron-ditfraction experiments do not
teveal any additional peaks at low temperatures, the ground
state 18 probably antiferromagnetic with rather small moments
involved in the ordenng. This assumption 18 supported by the
observation, that the specific-hest maximum at 8 K 1s hardly
atfected by application of a magnetie tield of 5 T [6]. Further
support for this sssumphion s given by compuounds with Ga,
which crystallize n the same structure, and 1n which
antiferromnagnetic long-range order 18 reported [9].
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